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(S) Amino acid terminated polyesters having predetermined monomeric sequence* 



(g) A composition is provided comprising an amino add terminated polyester having a predetermined 
monomeric sequence comprising at least one amine and at least three monomeric units derived from at 
least one hydroxyacid. l 

Such a polyester can be prepared by the stepwise addition of at least three monomeric hydroxyacid 
units to an amino acid monomeric unit 

A medical device is also provided which is made in whole or in part of an amino acid temninated 
polyester having a predetermined monomeric sequence. 



< 

To 



HI 



Jouve, 18. rue Saint-Dents, 75001 PARIS 



EP 0 600 161 A1 

BACKGROUND OF THE IMVFMTinM 
1. Refdof the Invention 



fO 



15 



2. Description of Refatftri Arf 



20 



25 



45 



50 



55 



dro)^butyric add have also been ,tiLd " ''°'^"' ^'y^''"'^''*- Other hydroxyac,d8.?g hjl 
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G-G-L-L-G 
12 3 4 

.5 wherein glycolide is oriented to provide a hydroxy terminus on the left-most portion of the segment, i.e.. 
HOCH2C02CH2...COOH. the order of hydrolysis is 1>4>2>3, i.e. 1 is fastest and 3 is slowest Therefore, an 
engineered arrangement of secquential units would allow control over the rate at which a copolymer hydroly- 
zes. 

U.S. Patent No. 3,960,1 52 (the " '152 patent") describes an attempt to provide a copolymer having a con- 
to trolled sequence of alternating units of lactic acid and polyglycolic acid. According to the *152 patent, lactic 
acid and glycolic acid are formed into a cyclic diester (3-methyt-1 ,4-dioxane-2,5-dione). When the cyclic diester 
is opened and added to a polymer chain, the lactic acid unit and glycolic acid unit are said to be adjacent in 
the polymer chain. However, there is no way to control the ring opening polymerization such that the ring opens 
at the same position every time. Thus, the ring opening and subsequent addition cannot be strictly uniform 
15 and the final product does not contain regularly alternating lactic acid units and glycolic acid units, i.e.. the 
resulting polymer is not homogeneous. 
. ' Polydepsipeptides are copolymers ofa*amino and a-hydroxycarboxylic acids with neighboring monomers 
linked either by an amide or an ester bond. Such copolymers are described as appropriate models for the con- 
formational and optical properties of polypeptides and proteins. See, e.g., Goodman et al.. Polydepslpeptides 
20 11: Synthesis and Preliminary Conformational Studies of an Alternating a-Amino and a-Hydroxy Acid Polymer, 
Israel Journal of Chemistry, 12:66-77 (1974) or Mathias et al., Polydepsipeptides.6. Synthesis of Sequential 
Polymers Containing Varying Ratios of L-Alanine and L-Lactic Acid, Macromolecules, 11 No. 3: 534-539 (May- 
June 1978). In these references, no more than two adjacent lactic acid residues were esterified with alanine 
to form polydepsipeptides for the purpose of allowing qualitative evaluation of the helix disrupting ability of 
25 . two adjacent lactic acid residues. : 

It would be advantageous to construct a polyester having a predetermined sequence of structural units 
by controlling the precise sequential arrangement of monomers in a polyester chain. 

SUMMARY OF THE INVENTION 

The present invention involves amino acid terminated polyesters having predetermined monomeric se- 
quence produced by the stepwise addition of monomeric units to a growing polymeric chain. The first monomer 
in the chain is an N-protected, or in an alternative embodiment, a C-protected amino acid which is coupled 
with hydroxyacids such as glycolic acid, lactic acid, hydroxybutyric acid, tartronic acid or citric acid to form 
35 carefully regulated sequences. The resulting amino acid terminated polyesters having predetermined mono- 
meric sequence have precisely engineered sequential arrangements which allow control over their molecular 
weight, rates of hydrolysis, crystallinity and other associated chemical and physical properties. 

Preparation of amino acid terminated polyesters having predetermined monomeric sequence according 
to the present invention may be commenced by masking or blocking the amino function of an amino acid. Dimer 
40 formation is accomplished by esterif ication with an optionally carboxyt-protected first hydroxyacid. If protect- 
ed, the carboxyl group of the first hydroxyacid may then be deprotected to allow subsequent addition of a sec- 
ond optionally carboxyl- protected hydroxyacid. Stepwise addition of further optionally carboxyl protected hy- 
droxyacids allow the sequence of the resulting amine initiated homogeneous sequential polyesters to grow 
and be carefully regulated. Amino acids may optionally be cleaved from the amino acid terminated polyesters 
45 having predetermined monomeric sequence to form polyesters having a predetermined monomeric sequence. 

Branched polyesters such as dendritic polymers can be manufactured by incorporation of hydroxy poly- 
- , . . carboxylic acids such as tartronic acid or citric acid into growing amino acid terminated polyester chains having 
• ' predetermined monomeric sequence. s ;- -c ^- - ' : . v 

Amino acid terminated polyesters having predetermined monomeric sequence can be produced by solid 
so phase synthesis. The carboxyl group of an amino acid is covalently bonded to a resin support to allow formation 
of a peptide bond and addition of a first hydroxyl- protected hydroxyacid. To allow subsequent addition of a 
' ^ second hydroxyl-protected hydroxyacid, the hydroxyl group on the first hydroxyacid must be deprotected. Step- 
. wise addition of further hydroxyl-protected hydroxyacids in the same manner allows the sequence to grow and 
\^ be carefully regulated. Solid phase sequential polyester synthesis is amenable to automation. : 
55 . The present invention provides amino acid terminated polyesters having predetermined monomeric se- 
quence, methods of making amino acid terminated polyesters having predetermined monomeric sequence, 
articles formed from amino acid terrninated polyesters having predetermined monomeric sequence, methods 
of using such articles, and polyesters having predetermined monomeric sequence derived from amino acid 
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terminated polyesters having predetermined monomeric s 
BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 1S a depiction of a suture according to the present inve^^^^^^ 
DETAILED DESCRIPTION OF THE INVENTION 
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Amino acids Which are useful according to the prosen, Invention are represented by the formula 
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In accordance with the present Invention, after the amino group of the amino acid has been protected, 
the amino acid is ready to be esterif ied to a first hydroxyacid. In one embodiment, the reactivity of the carboxyl 
group of the first hydroxyacid is suppressed. In an alternative embodiment, the carboxyl group of the hydrox- 
yacid is not blocked and remains a free acid. When the carboxyl group is blocked, only the hydroxyl group of 

5 the first hydroxyacid is available to react with the carboxyl group of the amino acid. The carboxyl group of the 
first hydroxyacid may be masked by ester formation, e.g.. methyl, ethyl, t-butyl and benzyl ester derivatives. 
Any carboxyl protecting group is suitable fbr practicing the method disclosed herein as long as protection 
and/or deprotection is accomplished in such a manner as to not effect formation of the polyester chain. Thus, 
removal of the carboxyl protecting group should not lead to removal of the amino blocking group or destruction 

10 of the polyester or the productton of side products that would interfere with the overall process. The most pre- 
ferred carboxyl protecting groups are benzyl esters. 

The amino-protected amino acid is then reacted with the first carboxyl-protected hydroxyacid in the pres- 
ence of a dehydrating agent to yield a dimer ester. Examples of useful dehydrating agents which promote es- 
terification Include dicyclohexylcarbodiimide (DCDt), trifluoroacetic anhydride, and N.N'-carbonyldiimidazole 

15 (CDI). Tbe preferred dehydrating agents is DCOI. 

A second hydroxyacid, which may be the same or different than the first hydroxyacid. is then reacted with 
the first hydroxyacid to form a trimer. The carboxyl group of the second hydroxyacid may optionally be masked 
prior to reaction with the first hydroxyacid. In an alternative embodiment discussed below, esterificatton of 
subsequent hydroxyacids may be accomplished without blocking the carboxyl group of subsequent hydroxya- 

20 cids when DCDI is used as both a protecting group and a dehydrating agent. Any protecting group which masks 
the carboxyl group on the first hydroxyacid must be removed before reactions to add subsequent monomers 
can proceed. Such removal is accomplished by means which are known to those with skill in the art For ex- 
ample, a benzyl ester is removed by exposure to H2 and Pd in methanol to yield the free acid. As above, for- 
mation of the ester bond between the f irst and second hydroxyacids is promoted by a dehydrating agent 

2S As was stated above, esterif icat ion may proceed without blocking the carboxyl group of hydroxyacids when 

DCDI is used as a dehydrating agent The reactton may be illustrated as follows: 
' A. . 



30 

. X-CCOH -5- 



35 

B. 



O 

R-w-CH f ester + dicyclohexylurea 

hydroxyacid ' 



wherein X Is a blocked amino containing moiety such as a blocked amino acid, or a blocked amino 
45 amide/hydroxyacid moiety and R is a hydroxyl containing, essentially hydrocarbon aceous moiety. In this 

' reaction. DCDI may be considered to be a protecting group. 

: If desired, a third hydroxyacid, which may be the same or different than either the first or second hydrox- 
v: yactd, is then reacted with the second hydroxyacid to form a tetramer. As with addition of the second hydrox- 
yacid, the carboxyl group of the third hydroxyacid is optionally masked prior to reaction with the second hy- 
50 : . droxyacid. Any protecting group which masks the carboxyl group on the second hydroxyacid must be removed 
before reactions to add subsequent monomers can proceed. Such removal is accomplished as above. 

In accordance with the present invention, successive hydroxyacids can be added as described above to 
: . form pentamers, hexamers, etc In this manner, the controlled addition of selected hydroxyacids yields polymer 
. .. chains having precisely defined monomeric sequences. The reaction sequence is illustrated below in relation 
55 . to a-hydroxyacids and formation of an amine terminated trimer. As used below, A is a side chain normally as- ^ 
sociated with amino acids, and may be the same or different and are essentially hydrocarbonaceous 
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When the polymer has reached a predetermined length and no further additions are desired the carboxvl 
protecting group is removed from the final hydroxyacid by such methods as are known to those with skill in 
the art. e.g., Hj, Pd. The amino group blocking substrtuent may also be removed by known methods For ex- 
ample the t-Boc group is removed by mild acids such as dilute HCI. in a variety of organic solvents or trifluor- 
oacetic acid in methylene chloride. The amino acid terminus may optionally be removed from the polyester 
Cham by such means as are known in the art The polymer is then ready tp undergo further processing and 
be formed into a desired shape. 

In an alternative embodiment, an amine initiated homogeneous sequential polyester is synthesized by first 
protecting the carboxyl group of the amino acid, thus leaving the amino group as the sole reactivesite Methods 
of protecting a carboxyl group are well known in the art Any carboxyl protecting group is suitable for practicing 
the method herein as long as protection and/or deprotection is accomplished in such a manner as to not sul^ 
stantially interfere with formation of the polyester chain. Thus, removal of the carboxyl protecting group should 
not lead to destruction of the polyester or the production of side products that would interfere with the overall 
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process. The carboxyl group of the amino acid may be masked by ester formation, e.g., methyl, ethyl, t-butyl 
and benzyl ester derivatives. The most preferred carboxyl protecting groups are benzyl and t-butyl ester der- 
ivatives. 

The cart>oxyl- protected amino acid is then reacted with a first hydroxyacid having a protected hydroxyl 

5 group. Thus, the carboxyl group of the first hydroxyacid is free to form an amide bond with the protected amino 
acid in the presence of a dehydrating agent. Any of the above described dehydrating agents are suitable for 
forming the amide bond between the amino acid and the first hydroxyacid. 

The hydroxyacid may be protected with any hydroxyl protecting group as long as protection and/or depro- 
tection is accomplished in such a manner as to not substantially adversely effect formation of the 

10 amide/polyester chain. Thus, removal of the hydroxyl protecting group should not lead to destruction of the 
amide/polyester or the production of side products that would interfere with the overall process. 

Suitable hydroxyl protecting groups and methods of protection are described in "Protective Groups in Or- 
ganic Synthesis* by Theodora W. Green, John Wiley & Sons, N.Y., 1981, whose contents are incorporated 
herein by reference. Hydroxyl group protection can occur, e.g., by formation of methoxymethyl ethers, t-bu- 

15 toxymethyl ethers, methoxyethoxymethyl ethers, bis(2-chloroethoxy) methyl ethers, 2-(trimethylsilyl) ethox- 
ymethyl ethers, tetrahydropyranyl ethers, 4-methoxytetrahydropyranyt ethers, tetrahydrofuranyl ethers, 1- 
ethoxyethyl ethers, 1-methyl-1-methoxyethyt ethers, l-(isopropoxy) ethyl ethers, trimethylsllyl ethers, trie- 
thylsllyl ethers, t-butyl-dimethylsilyl ethers, formate esters, benzyl formate esters, chloroacetate esters, dl- 
chloroacetate esters and other selected esters. Preferred hydroxyl protecting groups according to the present 

20 invention form tetrahydropyranyl ethers, 1-ethyoxy-ethyl esters and 1-methyl-1-methoxyethyl ethers, while 
the most preferred hydroxyl protecting groups form tetrahydropyranyl ethers. Various methods of deprotecting 
the aforesaid hydroxyl groups are known by those with skill in the art and described, e.g., by Green in the 
above noted reference. j - . ^ 

A second hydroxyacid, which may be the same or different than the first hydroxyacid, may then be reacted 

25 with the first hydroxyacid in the presence of a dehydrating agent to form an ester bond. In order to accomplish. 
. such esterification, the hydroxy] protecting group must be removed from the first hydroxyacid thus leaving 
the hydroxyl group free to react with the free carboxyl group of the second hydroxyacid. Removal of hydroxyl 
protecting groups is well known in the art, e.g., by mild acid hydrolysis. The hydroxyl group of the second hy- 
droxyacid may optionally be masked, as above, in order for the reaction to proceed without formation of un- 

30 wanted side chains. 

Successive hydroxyacid molecules may then be added in stepwise fashion. For example, a tetramer may 
be formed by adding a third hydroxyacid, which may be the same or different than either the first or second 
hydroxyacid, to the growing chain. The hydroxyl group of each successive hydroxyacid may optionally be 
masked to allow the formation of precisely engineered amine initiated homogeneous sequential polyesters. 
35 Before the third or more hydroxyacids are sequentially added, if protected, the hydroxyl group of each previ- 
ously esterif led hydroxyacid must be deprotected to allow ester bond formation with the next hydroxyacid. De- 
protection of the masked hydroxyl groups may be accomplished as described above. \ 

When the polymer has reached a predetermined length and no further additions are desired, the hydroxyl 
. protecting group is removed from the final hydroxyacid in the chain by such methods as are described above. 
40 Similarly, the cart>oxyl protecting group may be removed from the amino acid monomer, as described above, 
- to yield an amino acid terminated polyester having predetermined monomeric sequence. 

V In accordance with another aspect of the present invention, amino acid terminated polyesters having pre- 
• determined monomeric sequence may be formed by automated solid phase synthesis. Solid phase synthesis 
V- of amino acid terminated polyesters having predetermined monomeric sequence is based upon the covalent 
45 . attachment of a growing amine initiated ester chain to an insoluble polymeric support or resin carrier so that 
unreacted reagents can be removed by filtration or washing. After the chain has been established, the amino 
acid terminated sequential polyester is removed from the support under conditions which do not adversely 
effect the polyester. :: -\\.-y ' -^^t'-. ^r-' . ^ ' r ^ 

. To accomplish solid phase amino acid terminated sequential polyester synthesis, the cart>oxyl group of a 
50 suitable amino acid is covalently bonded to an insoluble resin support via a bifunctional spacer. The insoluble 
support is f unctionalized with a f unct ionalizer such as chloromethyt, aminomet hyl or benzhydrytamtno groups. 
< . One end of the bifunctional spacer reacts with the resin bound functionalizer and the other end reacts with 
.the free carboxyl group of an amino-protected amino acid to form a covalently bonded amino acid/polymer 

complex. .^..-r -n.^,:- .>ft: f ."r-- 

55 :. \, G The resin support may be a polystyrene suspension polymer cross-linked with 1% of M-divinylbenzene. 

. r ... : Solid phase synthesis is known in relation to synthesizing sequential peptides. An overview of techniques and 
-Tr materials used In solid phase peptide synthesis, including means for automating such syntheste, is provided 
::: in the Encyclopedia of Polymer Science and Engineering, Vol. 12, pp. 811-858 (ig88), whose contents are In- 
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corporated herein by reference. Such techniques are adaptable to synthesis of amine initiated sequential poly- 
esters In accordance with the present invention. 

The amino group of the first amino acid is masked as above with protecting groups such as benzyloxy- 
carbonyl (2), t-butyloxycarbonyl (Boc), adamantyioxycarbonyl (Adoc), o-nltrophenytsulfenyl (Nps), triphenyf- 
methyl (Trt), trif luoroacetyi (Tfa), p-toluenesulfonyl (tosyl) and methylsulfonylethyloxycarbonyl (Msc). The pre- 
ferred amino blocker is t-butyloxycarbonyl (Boc). Any amino blocker is suitable for practicing the method dis- 
closed herein as long as protection and/or deprotection is accomplished in such a manner as to not adversely 
effect formation of the polymer chain. Thus, removal of the blocker should not lead to destruction of the poly- 
mer or the production of side products that would interfere with the overall process. After protecting the amino 
group, the free carboxyl group of the amino acid Is covalently bonded to the resin support by procedures well 
known in the art 

Before addition of a hydroxayacid can proceed, the masked amino group must be deprotected by removal 
of the amino group blocking substituent. The amino group blocking subst Ituent may be removed by any known 
method. For example, the t-Boc substituent may be removed by mild acids such as dilute HCI, in a variety of 
organic solvents or trifluoroacelic acid in methylene chloride. 

Af Irst hydroxyacid is then reacted with the deprotected anr)lno acid In the presence of a dehydrating agent 
to form an amide bond and begin chain formation. Before forming the amide bond, the hydroxyl group of the 
first hydroxyacid is protected by a suitable protecting group. By leaving the carboxyl group available as the 
only reactive site formation of undesirable side chains is avoided. 

The hydroxyl group of the first hydroxyacid is masked with protecting groups as above, i.e.; as described 
In "Protective Groups in Organic Synthesis" by Theodora W. Green. John Wiley & Sons. N.Y.. 1981, supra. 
Preferred protecting groups according to the present invention form tetrahydropyranyl ethers, 1-ethoxy-ethyl 
ethers and 1-methyl-1-methoxyethyl ethers, while the most preferred hydroxyl protecting groups form tetra- 
hydropyranyl ethers. 

Any hydroxyl protecting group is suitable for practicing the method disclosed herein as long as protection 
and/or deprotection is accomplished in such a manner as to not adversely effect formation of the 
amide/polyester chain. Thus, removal of the protective group should not lead to destructton of the 
amide/polyester or the production of side products that would Interfere with the overall process. 

The deprotected amino acid is then reacted with the first hydroxyl-protected hydroxyacid to form an 
amine/hydroxyacid dimer. Examples of useful dehydrating agents which promote amide bond formation are 
dicyclohexylcarbodlimide (DCDI), trifluoroacetic anhydride, and N,N'-carbonyldiimidazole (GDI). The most 
preferred dehydrating agents Is DCDt. 

A second hydroxyacid, which may be the same or different than the first hydroxyacid, may then be reacted 
with the first hydroxyacid in the presence of a dehydrating agent to form an ester bond. In order to accomplish 
such esterification. the hydroxyl-protecting group must be removed from the first hydroxyacid In the manner 
described above, thus leaving the hydroxyl group free to react with the free carboxyl group of the second hy- 
droxyacid. The hydroxyl group of the second hydroxyacid must be masked, as above, in order for the reaction 
to proceed without formation of unwanted side chains. 

Successive hydroxyacid molecules may then be added In stepwise fashion. For example, a tetramer may 
be formed by adding a third hydroxyacid, which may be the same or different than either the first or second 
hydroxyacid, to the growing chain. In solid phase amino acid terminated sequential polyester synthesis ac- 
cording to the present invention, the hydroxyl group of each successive hydroxyacid must be masked to allow 
the formation of precisely engineered amino acid terminated polyesters having predetermined monomeric se- 
quence. Before the third or more hydroxyacids are sequentially added, the hydroxyl group of each previously 
esterifled hydroxyacid must be deprotected to allow ester bond formation with the next hydroxyacid. Depro- 
tection of masked hydroxyl groups may be accomplished as described above. 

When an amino acid terminated sequential polyester chain reaches the desired length, it Is cleaved from 
the resin support and the final hydroxyl protecting group Is removed. The bifunctional spacer should incor- 
porate a smoothly cleavable protecting group on the end which bonds to the amino acid. Suitable bifunctional 
spacers are well-known in the art Cleavage reagents are known and Include acids and nucleophlles. 

The steps of the solid phase synthesis of an amino acid terminated polyester may be automated by em- 
ploying a liquid handling system capable of storing, metering and transferring solutions to a suitable reaction 
vessel. Devices such as those used for solid phase synthesis of polypeptides can be adapted for use in con- 
nection with the present Invention. 

Dendritic polymers may also be manufactured in accordance with the present invention by Incorporation 
of hydroxy polycarboxylic acids Into a growing polyester chain. Examples of such hydroxy polycarboxylic acids 
include tartronic acid, malic acid, citric acid, etc. Accordingly, an amino acid terminated polyester having pre- 
determined monomeric sequence is made in any manner disclosed above and, at a predetermined point in 



EP 0 600 161 A1 



the growing chain, a hydroxy polycarboxylic acid is incorporated. Subsequent hydroxyacids then form branch- 
ed chains which emanate from the carboxyl groups of the hydroxy polycarboxylic acid. If further branching is 
desired, any number of additional hydroxy polycarboxylic acids may be incorporated at any point in the branch- 
ed chain to create further branching. For example: 
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wherein Y is a portion of an amino acid terminated polyester having predetermined mondmeric sequence or 
a polyester having predetermined primary sequence according to the present invention and Is essentially 
hydrocarbonaceous. , . . . . ^ ^ : - — ^ :.,f - - 

. As above, dendritic esterification may proceed without blocking the carboxyl groups of subsequently add- 
ed hydroxyacids or hydroxy polycarboxylic acids by isolating resulting DCDI complexes and reacting the isolate 
with subsequent hydroxyacids or hydroxy polycarboxylic acids. . . * . .. = r - 

Amino acid terminated polyesters having predetermined monomeric sequence made In accordance with 
the present invention are suitable for use in a variety of applications. By varying the sequence and length of 
the polymer, the physical and chemical properties of the polymers can be engineered to meet predefined spec- 
ifications. 'v>::,,-:':., ^rv^"- .- ■■ ■ ' ' V v-.^; . v;^- --y • '^-^ • 

The speed with which an arnino acid terminated polyester having predetermined monomeric sequence de- 
grades in an environment is based, in part, upon the rate of hydrolysis of ester bonds in the polymer chain. 
The present invention allows the rate of hydrolysis to be tailored In predictable fashion based upon sequence. 
Indeed, the exacting nature of polymers and copolymers made in accordance with present invention allows . 
the rate of hydrolysis to be more predictable than prior random polymers and copolymers. If desired, the end 
: portions of an amine terminated sequential polyester may be engineered to hydrolyze more quickly than the 
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n accordance with the present invention, thermoplastic elastomers may be constructed. Thermoplastic 
elastomers are multiphase compositions in which the phases are intimately dispersed. The present invention 
allows thermoplastic elastomers to be constructed by sequential addition of appropriate monomers to form 
hard and soft segments within the polymer. In addition, the amino acid terminated polyesters produced in ac- 
cordance with the present invention may be combined with conventional polymers known to provide soft seg- 
ments (such as. for example, polycaprolactone) or with conventional polymers known to provide hard seg- 
ments (such as, for example, homopolymeric segments of glycollc or lactic add) 

Amino acid terminated polyesters having predetermined monomeric sequence according to the present 
invention also allow more crystalline structures to be produced. Extensive control over the chain sequence 
anows stenc regu arity to be achieved, mus, while prior poly(lactide-co-glycolide) polymers containing 25 to 
75 mole percent glycolide are amorphous, copolymers containing between 25 to 75 mole percent glycolide can 
be made crystalline. In this manner, the tensile strength and other physical properties can be regulated to a 
high degree, i.e.. by varying the proportten of crystalline region to amorphous region, properties such as tensile 
strength and brittleness may be varied to suit particular applications. 

In accordance with the present invention, oligomers of amino acid terminated sequential polyesters may 
.• k"?!^ ^'^^^ "wlecular weight chains of sequential polyesters. This may be accofiv 

phshed by bulk polymerization of pentachlorophenol ester monomers. An inert matrix such as Celite™ diato- 
maceous earth may be used to enhance removal of the pentachlorophenol during thermal polymerization in 
vacuum and lead to higher yields and molecular weights. A p-nitrophenoi ester may also be used to promote 
bulk polymerization. Alternatively, an amino acid terminated sequential polyester may be coupled to other doIvw 
esters to prepare larger, higher molecular weight polymers. ' 

Amino acid terminated polyesters having predetermined monomeric sequence produced in accordance 
with the present invention may be used to make block copolymers. Two or more polymers prepared in accor- 
dance with the present invention may be used as the blocks and joined to form a block copolymer having highly 
uniform characteristics. Alternatively, one or more polymers prepared in accordance with this invention may 
be combined with the polymers prepared by other techniques to form block copolymers or a polymer which 
has an ammo acid terminated polyester as a segment thereof, in addition, polymers prepared in accordance 
with the present invention may be blended with each other or with polymers prepared by other techniques to 
provid&a composition having a desired set of characteristics. Methods of forming block copolymers and blends 
are well known in the art 

Useful products made from condensed oligomeric or polymeric amino acid terminated polyesters having 
predetermined monomeric sequence include fibrous surgical articles such as sutures, prosthetic ligaments 
prosthetic tendons woven mesh, gauze, dressings, growth matrices and the like. Such fibrous surgk:al articles 
may be engineered to be made more or less elastic depending upon end use. Portions of a single length of 
monofilament can be made to hydrolyze at different rates and/or to be more or less elastic than other portions 

Asuture in accordance with the present invention, suture 101. may be attached to a surgical needle 100 
as shown in Fig. 1 by methods well known in the art Wounds may be sutured by approximating tissue and 
passing the needled suture through tissue to create wound closure. The needle preferably is then removed 
from the suture and the suture tied. k 7 . onrcmoveB 

Other medical articles can be manufactured from the amine terminated sequential polyesters of the pres- 
ent invention. These include, but are not limited to. staples, clips and other fasteners, drug delivery devices 
pins, screws and other implants. Implantable surgical articles made from the polyesters of this invention may 
be designed to be implanted into patients where the articles are hydrolyzed and absorbed. 

Drug delivery devices, as used herein, include any device or article of manufacture which is used to deliver 
a medicinal agent The term "medicinal agent" is used in its broadest sense and includes any substance or 
mixture of substances which are useful in medicine. Thus, it is understood that a medicinal agent may be a 
drug, enzyme, peptide, protein, dye. or diagnostic agent such as a refeasable dye which may have no bk)loaical 
activity per se. 

Examples of various of medicinals that can be used in accordance with the present invention include an- 
timicrobials, analgesics, antipyretics, anesthetics, antiepiieptics. antihistamines, anti-inflammatories cardi- 
ovascular drugs, diagnostic agents, sympathomimetics, cholinomimetics, anti-muscarinics. antispasmodics 
hormones, growth factors, muscle relaxants, adrenergic neuron blockers, anti-neoplastics. immunosuppres^ 
sants. gastrointestinal drugs, diuretics, steroids and enzymes. It is also intended that combinations of medi- 
cinals can be used in accordance with the present invention. 

Amino acid terminated polyesters having predetermined monomeric sequence are well-suited for use as 
biodegradable polymers that are being used to address environmental concerns. For example, disposable sta- 
pie Items constructed from hydrolyzable homogeneous sequential polyester would blodegrede in landfins or 
in the ocean without leaving any toxic or non-degradable residue. 

10 
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Example 1 

Construction of Carboxyl Protected Hydroxyacid 

5 Construction of Benzyl-L-Iactic Acid. L-Lactic acid (9g, 1 00 mmol) is added to W,A/'-diisopropy1benzyl-iso- 

urea (23.3 g, 100 mmol) with stirring. The mixture becomes very viscous within 10 min and is stirred intermit- 
tently for 1 h. The volume is then increased to 200 mL with THF, and the mixture stirred for 48 h at room tenv 
. perature. After cooling the mixture to-ISX, the diisopropylurea is removed by filtration and the THF is evapo- 
rated under reduced pressure. The resulting thick oil is pumped under high vacuum for 24 h to give benzyl 

10 lactate (17.4 g, 95%) which may be used without further purification. 

Exarhple 2 , ■ ' 

Construction of Carboxyl Protected Hydroxyacid 

15 

Construction of Benzyl-glycolic Acid. Glycolic acid (7.69,100 mmols) is added to N.N'- diisopropylbenzy- 
lisourea (23.39,1 00 mmols) with stirring for 1 hour. The volume is then increased to 200 mL with THF, and the 
mixture stirred for 48 h at room temperature. After cooling the mixture to -IS'^C, the diisopropylurea Is removed 
by filtration and the THF evaporated under reduced pressure. The resulting product is pumped under high va- 
20 cuum for 24 h to give benzyl giycotate which may be used without further purification. 

Example 3 

Construction of Hydroxyl Protected Hydroxyacid 

2S 

Construction of the 1-ethoxyethyl ether of lactic acid. Lactic acid (7.2g. 100 mmol) is reacted with a two 
fold excess of ethyl vinyl ether in dry THF in the presence of a trace of hydrogen chloride. After 16 hrs, THF 
and excess ethyl vinyl ether are removed under vacuum and the 1-ethoxyethyl ether of lactic acid Is recovered 
and used without further purification. 

30 

Example 4 ^ 

Construction of Hydroxyl Protected Hydroxyacid 

55 Construction of the 1-ethoxyethyl ether of glycolic acid. Glycolic acid (5.8g, 100 mmol) is reacted with a 

two fold excess of ethyl vinyl ether in dry THF in the presence of a trace of hydrogen chloride. After 16 hrs, 
THF and excess ethyl vinyl ether are removed under vacuum and the 1-ethoxyethyl ether of glycolic acid Is 
recovered and used without further purification. 

' 40 Example 5 

Construction of Oligomers 

: : Construction ofAlanine^L-G-L-G-Lhexamer.t-Boc-L-alanine(conrunercially available) is coupled to ben^ 
45 lactate with dcyclohexylcarbodilmide (DCDI) to yield t-Boc-L-alanyl-L-lactIc acid benzyl ester. The benzyl ester 
Is deprotected and made into an active acid by hydrogenation (H2. Pd, methanol). The active acid is reacted 
with benzyl glycolate in the presence of DCDI to yield the trimer t-Boc-L-alanyl-L-lactyt-gly colic acid benzyl 
ester. The trimer is made into the active acid by treatment with H2, Pd, methanol and coupled with DCDI to 
benzyl lactate. The resulting tetramer is t-Boc-L-a!anyl-L-lactyl-g!ycolyl-L-Lactic acid benzyl ester. The tetra- 
50 met is deprotected (H2, Pd, methanol) and reacted with benzyl glycolate and DCDI to yield the pentamer t-. 
Bbc-L-alanyl-L-lactyi-glycolyl-L-Lactyl-glycolic acid benzyl ester. The pentamer is deprotected (H2, Pd metha- 
nol) and reacted with benzyl lactate and DCDI to yield the hexamer t-Boc-L-alanyl-L-Lactyl-glycolyl-L-Lactyl- 
glycolyl-L-Lactic acid benzyl ester. The hexamer is deprotected at both ends by treatment with H2, Pd, me- 
thanol to remove the benzyl ester and by treatment with mild acid to remove the t-Boc substituent 

55 '^^ . „. . ' ■ • * ' • ' - - . ■'' - .'V 
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Example 6 

Construction of Oligomers 
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Claims 

1. A composition comprising an amino acid terminated polyester havino a oredeterminpH m« 
6. A"^«ton.ccortln,Bdaim4whe«ln«id»i«,c«ter,„,n««.p^ 

10. A process for making an amino acid terminated polyester havina Dredetermin^rf • 

11. A process for making a polymer comprising: 

(a) providing an amino acid having an active site thereof protected- 

(b) forming a polymer chain by the stepwise addition of at least three hydroxvadd units th- ^ 
adding hydroxyacid units comprising: nyoroxyacid units, the step of 

0 forming a reaction product Including the protected amino acid, the reaction product having a ter- 
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minal hydroxyacid. said terminal hydroxyacid having an active site thereof protected by a protecting 
substltuent; 

ii) removing the protecting subs'tituentfrom a terminal hydroxyacid of the reaction product; and 
Hi) repeating steps (i) and (ii). 

12. A process for making a polymer comprising: 

(a) providing an amino acid having the amino group thereof protected; 

(b) forming a polymer chain by the stepwise addition of at least three hydroxyacid monomeric units, 
the step of adding of hydroxyacid units comprising: 

i) forming a reaction product including the protected amino acid, the reaction product having a ter- 
• minal hydroxyacid, said terminal hydroxyacid having its carboxyl group protected by a carboxyl-pro- 

tecting substituent; 

ii) removing the carboxyl-protectlng substltuent from a terminal hydroxyacid of the reaction product; 
and 

iii) repeating steps (i) and (ii). 

13. A process according to claim 12 wherein said step of forming a reaction product comprises reacting (i) 
an amino acid having an amino group protected with (ii) a first hydroxyacid having a carboxyl group pro- 
tected by a carboxyl^protecting substituent whereby said first hydroxyacid becomes a terminal hydrox- 
yacid. 

14. A process according to daim 12 wherein said terminal hydroxyacid is selected from the group consisting 
of glycolic acid, lactic acid, hydroxybutyric acid, hydroxyvaleric acid, hydroxymalonic acid, malic acid and 
citric acid. . 

15. A process according to claim 12 wherein said terminal hydroxyacid is a hydroxy polycarboxylic acid. 

16. A process according to daim 1 2 wherein said amino acid is selected from the group consisting of glycine, 
alanine and valine. 

17. A process according to daim 12 wherein a carboxyl group on the terminal hydroxyacid of the reaction 
product and said carboxyl-protecting substituent form a member selected from the group consisting of 
methyl esters, ethyl esters, t-butyl esters and benzyl esters. 

18. A process for making a polymer comprising: 

a) providing an amino acid having the carboxyl group thereof bonded to a resin support; 

b) forming a polymer chain by the stepwise addition of hydroxyacid monomeric units, the step of adding 
hydroxyacid units comprising; 

(i) forming a reaction product including the amino acid, said reaction product having a terminal hy- 
droxy acid, said terminal hydroxyacid haying its hydroxyl group protected by a hyroxyl-protecting 
substituent; • 

(ii) removing the hydroxyl-protecting substituent from a terminal hydroxyacid of the reaction prod- 
uct; and - ^ ^ 

19. A process according to daim 18 wherein said step of forming a reaction product comprises reacting the 
amino acid with a first hydroxyacid said first hydroxyacid having its hydroxyl group protected by a hy- 
droxyl-protecting substituent 

20. A process according to claim 18 wherein said step of providing an amino acid having the carboxyl group 
thereof bonded to a resin support comprises: 

functlonalizing an insoluble resin by reacting a functionalizer therewith: 
* - reacting a bifunctional spacer with said functionalizer; and - , . . - ..-^ ** . 

' reacting an amino acid with said bifunctional spacer. 

21. A process according to daim 1 8 wherein said amino acid is selected from the group consisting of glycine, 
alanine and valine. >^ .. r . ; : . 

22. A process according to daim 18 wherein said terminal hydroxyacid is selected from the group consisting 
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Of glycolic acid, lactic acid, hydroxybutytlc acid, hydroxyvalerlc add. tartronic acid, mallc add and dtric 
^ 23. A process according to daim 18 wherein said terminal hydroxyacid Is a hydroxy polycarboxylic acid 

27. A process for making a polymer comprfeing: 

a) providing an amino acid having the carboxyl group thereof protected- 

Wtormlns a reaclto p,M,M ind^ding Ihe protected amino add, aaid product havlno a !«,«„.. 

M««»acKl havin. It. hydroxyl sreop protected by a h>*ox,|.pn,t.ctins ^bSlMT 

W r.™v,„, th. hMo;„.p,«a«»„ .„^.„^. ,^ H^S"Z1i«:»o. prod- 

(lil) repeating steps (i) and («). 

34. A process for making a polymer comprising: 

a) providing an amino acid having an amino group thereof protected- 



14 



10 



EP 0 600 161 A1 

(i) forming a reaction product including the amino acid said reaction product having a terminal hy- 
droxyadd; 

(ii) reacting the reaction product with dicyclohexylcarbodiimide to form an isolate; and 

(iii) repeating steps (i) and (ii). 

35. A process as in claim 34 wherein said step of forming a reaction product comprises: 
reacting said amino acid with dicyclohexylcarbodiimide to form an isolate; and 
reacting said isolate with a first hydroxyacid whereby said first hydroxyacid becomes a terminal 

hydroxyacid. 

36. A process according to claim 34 wherein said amino acid is selected from the group consisting of glycine, 
alanine and valine. 

37. A process according to claim 34 wherein said terminal hydroxyacid is selected from the group consisting 
of glycolic acid, lactic acid, hydroxybutyric acid, hydroxyvaleric acid, hydroxymalonic acid, malic acid and 
citric acid. 

38. An amino acid terminated polyester having a predetermined monomeric sequence manufactured by a 
process of any of claims 10-37. 

20 39. A medical device made in whole or in part of an amino acid terminated polyester having a predetermined 
monomeric sequence. 

40. A medical device according to claim wherein said medical device is selected from the group consisting 
of sutures, prosthetic ligaments, prosthetic tendons, staples, clips, pins, screws, mesh, felt, growth sup- 
25 porting matrices and drug delivery devices. 
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